and,
which results into the following form:
for n = 1 to K. Here, K is the number of lattice points, a is the distance between two lattice points, q is the electron charge, {V i } is the terminal voltage in up-down basis at i th contact, [g C ] i is the normalized contact conductance matrix of i th contact. Note that {ϕ} 0 and {ϕ} K+1 are boundary conditions at left and right ends of the channel respectively. The vectors and matrices are given by 
)/M , and r s2 = (a r s2 )/N . We use Eq. (I.2) to construct multi-contact based structures as shown in Fig. S1 . 
A. Contact Currents
We multiply both sides of Eq. (I.2) with [m] = diag M M N N and sum over all lattice points as
representing the sum of all up and down spin polarized currents flowing in/out of the channel. The scattering matrix is given by
 with u 1 = r s1 + r + t s , and u 2 = r s2 + r + t s .
The first term which is related to the scattering processes in the channel vanishes for charge current (i.e.
([S] {ϕ} n ) = 0) satisfying the charge current conservation law. This term is non-zero for spin current and captures the spin loss in the channel due to spin relaxation. The second term is the up and down spin polarized currents flowing in the channel from the i th external contact, which is the Eq. (12) of the main manuscript. In the discrete lattice space, the total current is the sum over all the lattice points where the contact is connected, given by
Note that the contact can be ferromagnetic if
The third and fourth terms are the up/down spin polarized currents at the left and right ends of the channel respectively, which gives Eq. (13) in the main manuscript. Boundary conditions at left and right ends are
We can convert the vectors and matrices from up-down to charge-spin basis by multiplying the following matrix:
B. Boundary Conditions
In all our simulations, we have applied the open circuit boundary condition at the charge terminal and short circuit boundary condition at the spin terminal for the contacts at the left and the right ends of the channel:
where i c and v s are terminal charge current and spin voltage respectively. If i th terminal is used to measure an open circuit charge voltage, then the boundary condition at the terminal is given by:
On the other hand, if the i th terminal is used for supply, then the boundary condition at the terminal is given by:
where v c is the terminal charge voltage, I 0 is the external current source, and V 0 is the external voltage source.
[1] S. V. Patankar, Numerical Heat Transfer and Fluid Flow, (Taylor and Francis, ISBN 978-0-89116-522-4, 1980) .
